The intestinal tract shares in the response to malnutrition, and the consequent changes in mucosal function determine the ability of the intestine to handle enteral feeds. Such a route for nutritional support is important in protecting intestinal function not only in absorption but also in hormone production. Enteral feeding is increasingly having an important role in the interactions between acute diarrhoeal disease and malnutrition.
The clinical circumstances in which malnutrition may arise vary enormously and will influence both the signs and the metabolic responses: primary protein calorie deprivation is common because of environmental forces in many countries; secondary semistarvation is often found in patients with cancer cachexia or the cachexia of other chronic diseases, those with anorexia nervosa, and inpatients, who for one reason or another can take little by mouth. In addition to inadequate supply, there may also be the added metabolic insult of the catabolic process of injury and sepsis. Furthermore, the responses may differ between adults and children extending from weight loss to failure of growth, and in extreme forms, the protein calorie deprivation syndromes of kwashiorkor and marasmus.
Earlier work in this area has concentrated on deficiency of macronutrients, but with the advent of new techniques and the application of parenteral nutrition the importance of essential fatty acids and various micronutrients is being recognised.
When placed in a situation of nutritional deprivation, the body undergoes a series of changes that can be divided into three stages: (i) depletion of reserves; (ii) metabolic adaption; (iii) deterioration and ultimate death. The rate of evolution of these stages and the adaptive processes depend on the nutritional onslaughts. Responses to starvation and injury must be clearly distinguished but may coexist in any patient. Table 1 Glucagon and cortisol produce the opposite effects of insulin. Glucagon exerts its effects mainly on the liver, while cortisol has a major role in extra hepatic metabolism. The action of glucagon is probably short lived, while cortisol has long action. It is the most important proteolytic hormone and increases the transfer of glucogenic amino acid to the liver. The inhibition of glucose entry into cells has a major role in contributing to insulin resistance of stress.
The enteral route of nutrition provides the normal stimulus to hormone release in that it stimulates the "entero insular axis", and other gut hormones which may influence metabolic processes. It is probably quite important that these hormones accompany absorbed nutrients in the portal venous drainage to the liver for simultaneous first clearance in that organ. As yet, little is understood of these important relations in malnutrition.
Most of the studies on protein calorie malnutrition have reported changes in plasma or serum concentration of hormones. These measurements are based on difficulties of measurement and interpretation due to primary changes in protein metabolism.17 Plasma concentrations may not represent biologically active forms of hormone and can only be the net difference between rate of secretion and metabolic clearance. There is evidence to suggest that malnutrition may not only change metabolic factors governing hormone production and destruction, but that there may also be concomitant structural changes in endocrine glands. This has been shown in relation to the deficient insulin secretion in protein calorie malnutrition.'8
Derangement of gastrointestinal function in primary malnutrition
Disorders of structure and function have been reported in association with malnutrition, quite apart from those changes perhaps already existing as a result of disease. Table 3 lists these changes.
The basic defect is a decrease in absorptive surface area because of decreased cell proliferation, migration, and maturation within the crypt villous unit. These changes result in an appreciable decrease in absorption of nutrients as part of the end stage of digestion and transport. As a result of Love In addition to the morphological changes seen in malnutrition, there are important changes in digestive activity. Pancreatic exocrine deficiency has been described. 9 There is depression of resting and stimulated pancreatic enzyme activities, including those of lipase, trypsin, and amylase.20 These studies suggest that pancreatic function is seriously impaired. Epithelial function is also depressed, with a reduction in lactase absorption and decreased lactase activity in mucosal biopsies.21 These changes are extremely important for determining the composition and quantity of enteral feeding in the malnourished state.
The importance of enteral nutrition is highlighted by the part it plays in maintaining mucosal function. The factors influencing mucosal adaptive processes have been reviewed by Dowling, 23 and it is generally recognised that luminal nutrition is of major importance (Table 4) 
